The effect of solvent polarity on the molecular surface properties and adhesion of Escherichia coli.
The elasticity and molecular surface characteristics of Escherichia coli JM109 were investigated via atomic force microscopy (AFM) in solvents expressing different polarities. The nature of bacterial adhesion and surface characteristics was probed in formamide, water, and methanol, with dielectric constants of 111, 80, and 33, respectively. Solvent polarity affected the elasticity of the bacterium, the conformation of the cell surface biopolymers, the height of the surface biopolymers, and measured adhesion forces between the bacterium and silicon nitride. By applying the Hertz model to force-indentation data, we determined that the Young's modulus was greatest in the least polar solvent, with values of 182 +/- 34.6, 12.8 +/- 0.1, and 0.8 +/- 0.3 MPa in methanol, water, and formamide, respectively. The thickness of the biopolymer brush layer on the bacterial surface was quantified using a steric model, and these values increased as polarity increased, with values of 27, 93, and 257 nm in methanol, water, and formamide, respectively. The latter results suggest that highly polar conditions favor extension of the biopolymer brush layer. Cross-sectional analysis performed on tapping mode images of the bacterial cells in methanol, water, and formamide further supported this hypothesis. The image height values are larger, since the image analysis measures the height of the bacterium and the polymer layer, but the trend with respect to solvent polarity was the same as was obtained from the steric model of the brush length. Measured adhesion forces scaled inversely with solvent polarity, with greatest adhesion observed in the least polar solvent, methanol. The combined conformational changes to the bacterial surface and biopolymer layer result in different presentations of macromolecules to a substrate surface, and therefore affect the adhesion forces between the bacterial molecules and the substrate. These results suggest that polarity of the solvent environment can be manipulated as a design parameter to control or modify the bacterial adhesion process.